Introduction {#sec1}
============

The term "commensality" refers to the positive social interactions that are associated with people eating together (see [@ref155]; see also [@ref154]). Eating together is a hugely important social activity (e.g., see [@ref159], [@ref160], Chapter 7), with evidence of communal feasting going back at least 12,000 years in the archeological record ([@ref108]). According to [@ref80], feasting together is part of what sets us apart from many other species. As Camille Rumani, co-founder of the VizEat site, puts it a few years ago, it should never be forgotten that "The table is the original social network" (quoted in [@ref160]). Yet, the proliferation of the well-known digital social networks, all too often accessible at the dinner table through smartphones ([@ref106]; [@ref41],[@ref42]), shows how current-day technology can impact commensality (in both a positive way and a negative way).

The stereotypical image is that technology exerts a negative influence on people's experience of food and drink. One needs only to think of those individuals mindlessly eating in front of the television or of all those people currently eating together (i.e., at the same table) while seemingly distracted by whatever is going on in their digital feeds (i.e., on their mobile devices; see also [@ref121]; [@ref139]). Indeed, the latter is now deemed a topic worthy of discussion in books on table manners; for example, see the newspaper column by [@ref39], on the acceptability of Googling at the dinner table. At the same time, however, there are also a number of potentially exciting opportunities offered by the incorporation of digital technology into/around mealtime activities, including novel technologies such as tele-dining (see [@ref61]).

The term "digital commensality" is used here to cover a number of scenarios, from physically eating together with someone as a result of some digital technology-based intervention (as offered by the likes of websites such as VizEat; see [@ref37]); Skeating -- i.e., Skyping with a remotely located loved one, or friend, while eating (see [@ref160]), as well as more elaborate tele-dining installations that allow for some element of interactivity with those whom we may be dining with remotely (e.g., [@ref187]); and Mukbang -- eating by oneself at the same time as one watches someone else (a so-called broadcast jockey) eat alone over the Internet ([Figure 1](#fig1){ref-type="fig"}; see also [@ref185]; [@ref34]; [@ref82]; [@ref18]; [@ref128]). While Mukbang first originated in Korea, it is interesting to note that the trend has now spread rapidly across other parts of Asia. The role of digital technology in mediating commensality also extends through to the seemingly more futuristic scenario, whereby one (the solo diner, that is) eats together with a digital agent (as in the case of assisted living robots for the elderly/infirm; see [@ref100]), or else, even more futuristic, with those who may be on a long-term mission to Mars (see [@ref118]; see also <https://www.enib.fr/vrmars/index.html>).

![In what sense are those who engage in Mukbang involved in a meaningfully social/connected form of dining mediated by digital technology? There are purportedly huge numbers of young Koreans ([@ref82]; [@ref18]; though note that Mukbang is also gaining popularity amongst other Asian and Western viewers; [@ref34]; [@ref128]) eating alone while tuning in to a broadcast jockey who are normally reasonably attractive individuals seen eating large amounts of energy dense food (e.g., deep fried chicken wings). This figure shows a still image taken from Korean Mukbang channels (see [@ref185]).](fpsyg-10-02252-g001){#fig1}

The focus of this review will be on the (digital) facilitation of commensality among the growing number of solo diners. However, as we will see below, the various digital solutions to alleviating the growing problem of solo dining may not all be equally feasible/effective in terms of delivering "digital" or "remote" commensality ([@ref61]). This article reviews the various ways in which digital technologies may historically have led not only to problems at mealtimes, but also (more importantly) to look at the various ways in which, in the future (and, in some cases, already), digital technologies may be offering a range of opportunities to enhance the experience of food \[e.g., through the use of virtual reality (VR), augmented reality (AR), augmented tableware, projection mapping, sonic seasoning, etc.; see [@ref112]; [@ref165], [@ref166]; [@ref164]; [@ref162]\]. We will not, however, be focusing on the role of digital technology in helping people to connect, or share, in the act of preparing/making food (e.g., [@ref7]; [@ref94]; [@ref48]). One might think here only about the phenomenal rise of digital cooking assistants such as Chef Steps[^1^](#fn001){ref-type="fn"}. Instead, our focus is squarely on the role of digital technology when consuming food and drink. It is important here to highlight the fact that our focus is primarily on westernized adults with good access to, and familiarity with, digital technologies, though, on occasion, we touch on work that deals with those at either end of the lifespan (i.e., children and older individuals). We end up outlining a number of suggested areas of future research concerning the more commensal aspects of dining, when some/all of the dining companion(s) are digitally mediated.

To provide a background against which to view digital commensality, we review diverse literatures on social dining practices. We will begin this review by providing an overview of available demographic data and research on solo dining and its most likely causes. We will outline potential negative consequences for health and well-being associated with solo dining regarding food intake and feelings of loneliness, as well as efforts that are being made to alleviate these negative aspects. We then turn our attention to the literature on the costs and benefits of dining together. Next, we consider how technology has the potential to be both a distractor in these commensal dining settings and offering opportunities to connect digitally enabled/savvy individuals in new ways. We conclude our review by considering the role that popular dining choices, such as food delivery services, may potentially have on digital commensality in the years ahead.

Problems Associated With the Increase in Isolated Living {#sec2}
========================================================

The number of people living alone has increased steadily over recent decades ([@ref59]; see also [@ref182],[@ref183]). There has, for example, been a fivefold increase in the number of single-person households in the USA compared to the 1960s ([@ref182],[@ref183]). According to Euromonitor International, a leading market research firm, the number of people living alone is skyrocketing globally, rising from about 153 million in 1996 to 277 million in 2011 -- that is, an increase of around 80% in 15 years. In the UK, 31% of households have one person living in them (see [Figure 2](#fig2){ref-type="fig"}), while in the USA, the figure is 28% ([@ref183]). According to [@ref85], the highest figure comes from Sweden, where 47% of households have only a single resident, though more recent data put that percentage at 51% (see [Figure 2](#fig2){ref-type="fig"}).

![Single-person households as a percentage of the total number of households in 28 EU member states in 2017. Data from Eurostat (code lfst_hhnhtych).](fpsyg-10-02252-g002){#fig2}

To give some sense of the problem in relation to food consumption, in Japan, where people live longer than in most other places, it has been estimated that 24% of pensioners eat the majority of their meals alone (see [@ref177]). Meanwhile, focusing now a little more specifically on the UK case (simply because more of the relevant data/research that we came across pertains to this group), a survey from 2016 conducted among 2000 UK adults indicated that "15% of respondents said they hadn't had a meal with another family member in the last six months, 30% said they hadn't done so with a best friend in the last six months, and 45% hadn't done so with an old friend" ([@ref36], p. 201). Though exact data are scarce, according to anecdotal evidence, more people are eating a greater number of their meals by themselves (i.e., alone) than ever before ([@ref85], [@ref86]). Of course, it should be stressed that living alone is not in-and-of-itself necessarily an issue, but an increase in (chronic) loneliness as a result of living alone most certainly is ([@ref64]; [@ref78]). A Mintel survey in 2001, for example, found that three-quarters of British families had already abandoned regular meals, and 20% never sat down together to eat (quoted in [@ref124], p. 34), while a *Grocery Retailing Report* from 2006 suggested that 51% of meals were eaten alone, as compared to 34% in 1994 (quoted in [@ref173], p. 339). Several reasons for this reduced commensality have been put forward over the years, including the growing aging population, increasing divorce rates, rising remote working (i.e., increasingly busy lifestyles; see also [@ref172]; [@ref188]), not to mention news reports of workers taking their lunch at their desk (see [@ref107]). There has also been a rise in those reporting the need to eat on the run (see [@ref171]). Popular news media have described these developments with dramatic headlines such as "Death of the family meal" ([@ref2]) and "The death of the dining table" ([@ref1]). There are, of course, undoubtedly some important cultural differences here too, both around the proportion of the population who live alone in a given society and the acceptability/frequency with which people eat by themselves/eat out (see also [@ref45]). However, in order to put the issue of solo dining into some kind of context, it suffices to note that one in four Britons has no choice but to eat alone rather than having the luxury of partaking in a family meal, according to anecdotal media reports (see [@ref2]).

This means that there is a very real danger that many of these single-person households may be missing out (knowingly or otherwise) on the benefits of commensality. This is especially worrying given the suggestion that "eating alone is the most extreme form of feeling disconnected in our culture" (Van Goor, quoted in [@ref4]). According to [@ref157], p. 182), "Eating alone is devalued and is not considered a 'real' meal for many people" and furthermore, "almost all people (who were surveyed) thought that an ideal meal should be eaten with the company of others." In fact, a large body of empirical research has convincingly demonstrated that social dining typically has beneficial effects on both a diner's nutritional status and their social/emotional well-being (see [@ref53], for a review).

The break-down of the nuclear family (related to the preceding points) has also been blamed for the increase in solo dining. That said, some have questioned whether there really ever was such a thing as a nuclear family dinner, or whether instead that is nothing more than a contemporary middle-class conceit (e.g., [@ref109]; [@ref173], on this point; see also [@ref104]). Certainly, the rose-tinted view that family meals were commonplace in the past may be something of a myth, or at least only true at certain points in our history (see also [@ref90]). According to some commentators, families may not actually have been dining as a unit here in the UK a century ago (nor presumably in many other industrialized countries either). Rather, it has been suggested that the mother would eat with her children, and later, when the breadwinner came home from work, he would probably have consumed the meal that had been prepared by his wife, eating alone and likely without conversing (see [@ref79], p. 13; see also [@ref35]; [@ref146]).

As far as the more social aspects of dining are concerned, it is important to recognize that not all dining companions are equivalent in terms of the effect (either positive or negative) that they (may) exert over a diner's physical and mental well-being (e.g., see [@ref149]; [@ref191]; [@ref26], [@ref25]). Here, it should be noted that we are not simply contrasting human versus digital/virtual dining companions but distinguishing between whether one happens to be dining with friends, family, work colleagues, acquaintances, or else with unknown strangers or digital agents. The evidence concerning the beneficial effects of being a part of family meals on a range of dependent measures is striking and includes positive outcomes in terms of both health/weight and social development (e.g., [@ref115]; [@ref33]; [@ref53]; [@ref55]; [@ref36]). Indeed, the benefits of sharing family meals together tend to be especially pronounced among children/adolescents (e.g., [@ref24]; [@ref63]; though see also [@ref119]; [@ref103]; [@ref120]; [@ref47]; [@ref156]).

The key point to stress here is that there are a number of well-documented negative health consequences associated with living/eating alone (e.g., [@ref97]; [@ref138]). Negative consequences exist both in terms of food consumption (with undereating being documented at one extreme and overeating at the other; e.g., [@ref177]) and in terms of depressed mood and a loss of social connectivity (i.e., leading to a decreased feeling of well-being; e.g., [@ref23]; [@ref178]). There are also potential cost/waste implications associated with solo dining/living: So, for instance, according to one study by the Waste and Resource Action Program, those UK residents who live alone tend to throw away roughly £290 of food and drink per year, £90 more than those living with others ([@ref137]). The figures are presumably likely to be similar in other countries too.

On the Costs and Benefits of Dining Together {#sec3}
--------------------------------------------

Social dining does not in-and-of-itself guarantee better eating behaviors for the individual(s) concerned. Rather, the research shows that there may be dangers associated with dining with too many other people. In particular, a number of studies conducted over the last quarter of a century or so have demonstrated that the amount of food that people consume can be described by a power relation with the number of people dining together (e.g., [@ref32]; [@ref31]; [@ref19]; [@ref8]; [@ref73]; see [@ref68]; [@ref66], for reviews). In fact, according to [@ref67], a primary reason for social eating may actually be that it provides an opportunity for people to overindulge. Though, that being said, a number of other factors have been shown to modulate the increased consumption that is typically seen in group settings (e.g., [@ref28], [@ref29]; [@ref56]; [@ref44]; [@ref84]; [@ref16]; [@ref74]).

At the same time, however, commensality may have multiple beneficial effects on diners (see [@ref62]), including the positive mood/emotion likely engendered by eating with others (rather than eating alone; [@ref180]). However, beyond that, a separate literature shows that shared experiences seem to be amplified ([@ref11]). For instance, Boothby and colleagues conducted research specifically in the context of shared food experiences. Across two studies, the authors found that when shared with someone else, pleasant food (i.e., chocolate) tasted better, while unpleasant food was rated as tasting worse.

Questionnaire research has revealed that people like to converse while dining: For instance, according to one survey, only 3.7% of the 244 US adults questioned preferred to eat in silence, while 58.8% preferred to eat while conversing with others. Meanwhile, a further 6.2% of those quizzed preferred to eat while listening to music ([@ref127]). Similarly, [@ref89] also reported that younger adults preferred to eat with others, despite the fact that they reported not always having the time to do so (see also [@ref136]). What is more, according to the research, we are more likely to trust a stranger who eats the same food as us ([@ref189]). In summary, therefore, there are both potential benefits and costs to commensal dining. However, on balance, it can be argued that the benefits would seem to outweigh the costs when compared to enforced solo dining (e.g., due to enforced isolated dining among the growing number of elderly people living alone).

Eating Out Alone -- Losing Its Stigma {#sec4}
-------------------------------------

Of course, living alone need not necessarily mean eating alone. After all, some proportions of people's meals are likely eaten outside the home environment. According to [@ref173], that figure was around a third of meals (eaten outside of the home) here in the UK. Indeed, a survey conducted in 2016 indicated that 36% of Britons eat out once or twice a week (see [@ref49]; [@ref167]). According to Steel, this figure was likely to be somewhere closer to 50% in the USA, although note that one recent large-scale survey (conducted in July 2018) has actually put this figure at much closer to 20% ([@ref116]). Estimates on this question do seem to vary widely from one report to the next (see the news report by [@ref40]). That said, one of the problems traditionally in the UK has always been that many people have tended to feel self-conscious about eating out by themselves (the worry being that they would look like lonely losers to anyone who caught sight of them; e.g., [@ref81]; [@ref131]; [@ref27]; c.f., [@ref141]). Increasingly, however, solo dining seems to be losing its stigma (at least in those parts of the world where people felt that there was a stigma attached in the first place). In part, as suggested in a news article by [@ref51], this could be because mobile devices (i.e., a form of digital technology) now enable many more solo diners to distract themselves and/or perhaps socialize with other people while being physically alone at the table (see also the news report by [@ref93]).

In recent years, the rise in the number of people dining alone (see [@ref122]) has started to attract the attention of both the press and the restaurateurs (e.g., see [@ref186]), with a growing number of commentators, perhaps for the first time, starting to promote the merits of solo dining (e.g., see news reports by [@ref4]; [@ref110]; [@ref52]; [@ref91]). While it may still only represent a small percentage of total reservations, sites like OpenTable (an online reservation service) reported an 80% increase between 2014 and 2018 ([@ref126]). That said, it is important to note that deliberately choosing (on occasion) to dine out alone (e.g., as when the chef, or food critic, wishes to concentrate on the food that s/he is eating) is a completely different situation from having no alternative but to eat alone, which as we saw earlier, is the situation for a growing number of individuals. According to [@ref59]: "For the elderly, being single is not a choice. As life expectancy rises and the number of elderly people swells, there is a growing number of widowed, divorced or otherwise single homes populated by persons aged 65+. This is accelerating as the extended family unit is being broken up." Nevertheless, whatever the historical situation once was, at present, it is clear that the benefits of eating together are especially pronounced among the elderly ([@ref190]; see also [@ref179]; [@ref30]; [@ref161]).

On the positive side (from the perspective of the solo diner), a number of restaurants/chains have started to offer dining solutions that are less awkward for them: Everything from the introduction of the chef's table (or think of eating/drinking at the bar as is common in North American bars/restaurants) through to dining alone together with stuffed animals in one Japanese restaurant (see [Figure 3](#fig3){ref-type="fig"}; [@ref46]). Elsewhere, restaurant chains such as *Wagamama* have made a great success of putting separate (groups of) diners together on the same long tables. This novel approach challenges the standard schema (at least traditionally in UK restaurants) of each group of diners eating at their own table (see [@ref158], on the history of the restaurant, and its peculiar social arrangements), though there is a legitimate question here concerning what exactly counts as social dining. In other words, is it enough simply to be at the table with other people, or do they need to be part of one's own group (see [@ref76])? Sharing the table, or counter, is, of course, standard practice in many countries (e.g., at sushi restaurants in Japan, or when eating tapas in Spain or Pintxos in the Basque country). It can be argued that the rise of the chef's table (while undoubtedly adding a dash of theatricality to proceedings) can also be framed in terms of providing a means of enabling single diners to enjoy a meal out without having to feel uncomfortable about eating alone. There may, though, be cultural differences in the acceptability and/or occurrence of such communal dining practices in those from different cultures ([@ref45]; see also [@ref3], for anecdotal evidence specific to British culture).

![Solo diners eating with a cuddly toy. A new trend in tackling loneliness from one Japanese restaurant (figure reprinted from [@ref46]).](fpsyg-10-02252-g003){#fig3}

A more explicit statement about solo dining has been made by the proposed *Eenmaal* chain of restaurants in the Netherlands, where there are only tables for one (e.g., [@ref150])[^2^](#fn002){ref-type="fn"}. Note that dining at *Eenmaal* does not seem to be about stopping by for a bite to eat, but *rather* actually making a statement by deliberately choosing to eat alone with other solo diners. Separately, there are also projects such as the Eden Project's Big Lunch[^3^](#fn003){ref-type="fn"}, which has been running for a few years here in the UK, with the aim being to get as many people as possible to eat with their neighbors on at least 1 day each year. At the same time, in recent years, a number of websites have emerged that help to connect diners, no matter whether or not they are solo. VizEat being one successful example of this approach (e.g., see [@ref37]). While VizEat started out in the UK, several similar sites have since sprung up across the globe, their stated aim, to connect people whenever they happen to be, even when traveling in a foreign country, say (see [@ref148]). In North America, for instance, the equivalent site is called EatWith[^4^](#fn004){ref-type="fn"}.

Technology Distracts/Separates {#sec5}
==============================

The traditional way in which technology interfered with dining would have been in terms of the so-called TV dinner (e.g., see [@ref88]). According to [@ref60], almost half of all weekly meals are reportedly consumed in a room with a television switched on. An extensive body of research has demonstrated the negative influence on consumption, meaning that distracted dining (e.g., while watching the TV) leads to increased consumption (e.g., [@ref9]; [@ref10]; [@ref12]; [@ref13]; see also [@ref47]). The magnitude of the increase in consumption that is seen when people dine in front of the TV depends on the kind of show that the diner happens to be watching ([@ref17]), not to mention whether it is a repeat ([@ref99]). In the worst case scenario, people have been shown to eat a third more food with the TV on. Importantly, these effects seem to occur independently of any potential influence of food advertisements on food intake during TV viewing and are, in fact, not limited to television but apply to screen-based devices (e.g., smartphones) in general ([@ref96])[^5^](#fn005){ref-type="fn"}.

The potential dangers associated with overeating (e.g., as a result of distracted dining) come to the fore when one considers that according to estimates published 5 years ago, nearly 70% of adults in the USA are overweight and close to 40% are considered obese (see [@ref113]; see also [@ref92]). One needs only to examine the increasing number of screen-based devices, such as smartphones, laptops, and tablets in order to see how current technological developments might fuel the negative effects of screen time on food intake. According to the results of the latest research, using a smartphone at mealtimes results in a significant increase in caloric ingestion ([@ref57]). In a lab-based study, conducted during several consecutive days, the authors found that calorie intake increased for both smartphone use and reading a printed text as compared to a no-distraction baseline. It would thus seem that any distractor can potentially impact calorie intake, but one could argue that smartphones provide a particularly tempting, not to mention readily available, form of distraction. Indeed, other research has shown that increased screen time, including time using smartphones, playing video games, and watching television, is associated with a higher body mass index (BMI) in adolescents ([@ref15]). This relation was mediated by calorie intake, in particular the intake of carbohydrates. The authors suggest that reducing screen time may reduce caloric intake and thus help weight management in obese adolescents.

Finally, other researchers considered the impact of using multiple screens at the same time on snack consumption (e.g., watching TV while using one's smartphone to send a text) and found that participants consumed significantly more unhealthy compared to healthy snacks in the experimental condition where they were tasked with watching TV, texting, and reading text online ([@ref87]). Note, however, that conclusive evidence regarding the influence of the presence of multiple screens on food consumption remains to be documented ([@ref95]). Regarding the distracting influence of screen time, in particular smartphone use, during food consumption and its effects on calorie intake, it is worth considering that solo diners might be more inclined to make use of distractors while eating alone. In this situation, smartphones may both provide a distraction and engender a feeling of connection to others (e.g., by providing access to social media applications; see also [@ref130]) with potentially negative consequences on food intake, as outlined above.

Of course, technology can also directly interfere with the more commensal aspects of dining. Just think, for instance, of the increasingly common scene of people sitting together at a dining table in a restaurant, but with each one staring into their own mobile screen (e.g., [@ref117]; [@ref75]; [@ref41],[@ref42]). This a trend that some restaurateurs have expressed their displeasure about (see [@ref38]). People who are physically together, but seemingly isolated, at one and the same time (see also [@ref142] for a report on families' struggles in this regard), which may, in fact, have a negative impact on their perception of face-to-face social interactions ([@ref147]), including those at the dining table. Taking a picture has been shown to enhance people's memory for what they ate, even if they do not look at that picture again ([@ref20]). At the same time, however, it is important to note that excessive media use has been shown to impair people's memory for various kinds of experience ([@ref176]; see also [@ref145]). Dining is likely to be just like other kinds of experience in this regard.

It is currently something of an open question as to whether it matters exactly whom one is conversing with at the table -- i.e., with someone who is physically present, or else remotely connected by one's mobile screen. Who knows, perhaps virtual, or rather digital, dining companions are as good as the real thing? Only future research will tell.

Technology Connects {#sec6}
===================

Some intriguing early scoping research addressed the question of how to connect diners who wanted to share a meal while physically separated, perhaps by a very long distance (see [@ref187]; [@ref5]; [@ref65]; [@ref114]; [@ref22], [@ref21]). [@ref61] refer to this as "remote commensality." The question, in this case, was whether technology could be used to facilitate the connection between those who are physically separated (see [@ref41],[@ref42]; [@ref43]). Exploring social presence and connectedness at the telematic dinner party was one of the themes of this ground-breaking early work. One of the intriguing solutions explored in this context involved techniques for connecting diners (sometimes referred to as tele-dining), such as by giving both parties access to some form of shared food interaction. Below, we briefly explore a number of different instantiations of digital technology that offer various kinds (or levels) of digital commensality.

Mukbang {#sec7}
-------

This Korean term refers to the increasingly common habit among millions of predominantly Asian consumers (although it should be noted that there is also growing interest among Western audiences as well; see [@ref34]; [@ref128]) who live and eat at home alone to tune in to a broadcast jockey over the Internet at mealtimes ([@ref82]; [@ref18]; [@ref128]; see also [@ref185]). Because of the large portions of energy dense foods that the latter are normally seen eating ([Figure 1](#fig1){ref-type="fig"}; [@ref34]), Mukbang undoubtedly raises some intriguing questions concerning whether people's consumption behavior is influenced, potentially in a detrimental manner, by the person seen eating (c.f., [@ref152]; [@ref132]; [@ref174])[^6^](#fn006){ref-type="fn"}.

One fear is that our consumption norms may be set by what we see others consume. Hence, if we see a person consuming a large energy-dense meal, it may turn out that we are "nudged" to consume more than we otherwise might (see [@ref164], on this theme). Indeed, in a study conducted among young women, [@ref69] found that participants ate more when they observed a peer consuming more food, though only in a context in which the experimental confederate did not engage in social interaction with the participant. One might think that this scenario comes very close to that of passively watching a Mukbang video while eating (though note that during live streaming versions of Mukbang text chat with the broadcaster is possible; see [@ref18]). Meanwhile, other research suggests that similar effects on social eating behavior can be explained by social comparison ([@ref134]; [@ref133]) or mimicry ([@ref71]). These may be influenced by the food that is selected and body-type of the person observed ([@ref102]).

Similar effects already occur when one simply observes images of others eating, at least as far as taste perception is concerned ([@ref135]). According to the latter researchers, seeing an image of another individual eating unhealthy food can all too easily be taken as social proof that indulging in unhealthy foods is both acceptable and appropriate. However, separate from Mukbang's possible effect on consumption behavior, one might also want to question whether this kind of dining (with a digitally present 'dining companion') provides any kind of social benefits. That is, does any actual social interaction even need to take place for the benefits of eating together to be observed? Is Mukbang sufficient? This discussion raises a number of interesting contrast cases that are worth pausing to consider (see also [@ref192]).

What about eating in front of a mirror, for example (see [@ref163])? Is synchronized eating activity sufficient?[^7^](#fn007){ref-type="fn"} Intuition says that this cannot be enough, but robust experimental data are undoubtedly needed to be sure. There are also intriguing questions here about the impact of dining in front of a mirror -- again, this is a situation in which a person eats while there visually appears to be someone present ([@ref111]). In a short-term study, Nakata and Kawai demonstrated that both young and elderly participants consumed a little more popcorn when eating in front of a mirror (or rather a screen showing themselves from the waist up) and rated the food as tasting better than when the screen showed a blank wall[^8^](#fn008){ref-type="fn"}. Given its huge popularity in parts of Asia, further research is clearly (one might say urgently) needed in order to get a better sense of the potential costs/benefits of Mukbang. According to the scarce empirical research, primary reasons for people (in both Asian and Western cultures) to watch Mukbang is due to the physical attractiveness of the host and because of social normative influences ([@ref128]). No significant effects were found for feelings of loneliness (e.g., statements such as "I lack companionship"; [@ref128], p. 85) in the decision to watch Mukbang. As yet, it would seem fair to say that it remains unclear whether or not it counts as a meaningful example of digital commensality, our guess is that it probably does not.

Artificial Dining Assistants {#sec8}
----------------------------

One way to capitalize on the potential benefits that social dining through technology, such as Mukbang, might provide is by creating purpose-built artificial dining assistants (e.g., [@ref100]). Given the growing number of elderly individuals (either in care or in other assisted living situations), there are huge concerns/needs around assisted eating ([@ref151]). Indeed, failure to eat among this age-group is a well-recognized problem. Socially assistive robots such as Brian 2.1 (see [Figure 4](#fig4){ref-type="fig"}) offer one potential solution to the problem, as well as raising some intriguing questions about the degree/quality of commensality with a digital dining companion whose "job" it is to assist/guide eating. Positive preliminary data were obtained in one small-scale study with eight elderly care residents (all over 80 years of age). The robot was reported to have a beneficial effect as far as a number of the patients reporting positively on the interaction. Of course, one would want to see much larger-scale research and in the long term (who knows, Brian 2.1's repertoire of jokes might become stale after a while!).

![Assisted living robot -- stills from interaction and example behaviors -- specifically example robot behaviors during a meal-time encounter. \[Reproduced from [@ref100], Figure 7 and Table 1 under the Creative Commons Attribution license\].](fpsyg-10-02252-g004){#fig4}

Elsewhere in the world of artificial assistants, one finds [@ref143] discussing a robotic drinking coach. Sometimes dining assistants can assume the aspect of kitchen objects, as in the case of [@ref72] testing an intelligent fork that provides haptic feedback when detecting a fast pace of eating (so people will become more aware of their eating habits, as demonstrated in the paper; though [@ref70], found that such vibrotactile-augmented cutlery did not have a beneficial effect on reducing consumption). Meanwhile, [@ref140] created Health-e-Eater, a magic plate and a robotic companion, which motivates and educates children during meals. In such cases, note, the extent to which a diner's behavior is influenced by that of a digital avatar or a robot (as in the phenomenon of imitation) is likely to be mediated by the sense of presence (see [@ref50]).

A more elaborate randomized controlled trial study was conducted by [@ref54]. This study involved 61 women living in urban environments interacting with Gabby (see [Figure 5](#fig5){ref-type="fig"}), an embodied conversational agent (i.e., a virtual character). Gabby provided coaching on how to adopt a more healthy lifestyle, such as encouraging people to consume more fruit, stress management, mindfulness, and physical exercise. The results revealed a twofold increase in fruit consumption when compared to the experimental control. In line with this finding, [@ref6] demonstrated that a humanoid robot (called Nao) could be used effectively to encourage children (*N* = 80) to eat more fruits and vegetables. However, note that embodied conversational agents such as Gabby are more coach than necessarily commensal dining companion. Meanwhile, [@ref125] described Lucy, a digital assistant designed to monitor people's eating behaviors in order to help them to lose weight. An individual who needs targeted assistance with eating might also expect to develop some kind of relationship with a digital food assistant. It is currently unclear, though, how far along this path Brian 2.1, Nao, Gabby, or their successors currently are. The aim here, for those developing many of these applications, is to promote meal-time independence ([@ref123]). However, it should be noted that simply ensuring adequate nutritional intake, while important, does not in-and-of-itself guarantee commensality (at least for those geriatric patients still capable of meaningful commensal interactions).

![Gabby, the Embodied Conversational Agent (ECA) interface used in a randomized control trial demonstrating increased consumption of fruit (2 portions a day on average) when compared to patient education sheets. This ECA supposedly simulates face-to-face interaction (figure reprinted from [@ref54]).](fpsyg-10-02252-g005){#fig5}

Skeating {#sec9}
--------

Skyping while eating could potentially provide the benefits of co-dining for individuals in different geographical locations. Indeed, researchers have developed several systems that allow remote diners to share their mealtime activities. Systems such as KIZUNA ([@ref114]) enable asynchronous dining interactions between people living in different time zones. RoomXT provides another solution for synchronous (or spontaneous) dining at a distance, with trompe l'oeil used to visually extend the dining table into the virtual environment ([Figure 6](#fig6){ref-type="fig"}; [@ref65]). However, it is important to stress that merely watching a pre-recording of a person dining, as happens, for example, with the CU-Later system ([@ref181]), is simply not going to be enough to have the illusion of co-dining, as fundamental non-verbal communicative cues, such as synchronization between the actions of "co-diners," are missing, a problem that is further underlined in the design of the CoDine system ([@ref187]). Could there be benefits in future remote dining systems that are able to provide an enhanced sense of commensality between remote dining partners? Would it be confusing if the various parties happen to be in different time zones? Would the commensal benefits be greater if both parties are eating at the same time, or does that not matter? As the reader can probably tell by this stage, there are a number of important questions awaiting an empirical answer in this space[^9^](#fn009){ref-type="fn"}. It might be that matching the background music in both venues would provide a contextual means of connecting people. For example, the tempo of the background music would appear to be directly connected to eating ([@ref144]; [@ref14]) and drinking ([@ref101]) speed (see [@ref1470], for a recent review). Once again, it is a case of more research needed.

![RoomXT, advanced video communication for joint dining over a distance from [@ref65] (figure from [@ref65]).](fpsyg-10-02252-g006){#fig6}

In summary, the three broad approaches to digital commensality reviewed in this section, namely, Mukbang, artificial dining assistants, and Skeating are all potentially promising. And while there are challenges associated specifically with each of these approaches, taken as a whole the primary criticism to date must be in terms of the limited extent of research investigating the extent to which these approaches deliver the same health/well-being benefits that are associated with physically dining together with another person/other people. What is more, the sample sizes in the research that have been conducted to date tend to be rather on the low side, hence raising the possibility that many of the studies may be underpowered. Finally, and as highlighted by one of the original reviewers of this article, it still feels as though the field of digital commensality research lacks sufficient clear demonstrations that eating with technology alone or in a group is better than eating without technology. What is more, once the basic observations have been confirmed by suitably powered studies, future research will then need to focus on determining the psychological mechanisms underlying such beneficial effects on people.

Conclusions {#sec10}
===========

As this review of the literature has hopefully made clear, there are both current problems and a number of future opportunities associated with the merging of digital technology and eating/drinking. On the negative side, there is robust evidence to suggest that technology can (and/or is currently) potentially distracting us from our food as well as from the company we are physically with. This kind of mindless eating has been shown to result in increased consumption (e.g., see [@ref145]) and a lack of interaction with those whom we are physically dining with (see [@ref47]). At the same time, however, it is also clear that digital technology holds the potential to enhance both our experience of the food and the more social aspects of dining (see also [@ref61]). Several approaches to using technology to connect those who, for whatever reason, find themselves alone have been discussed and include Mukbang, artificial dining assistants, and Skeating. While all three approaches look potentially promising, as made clear in the preceding section, further suitably powered research is needed before any strong conclusions can be drawn concerning the merits, in terms of health and well-being of these digital commensality solutions.

As noted in the Introduction, the focus of this review has primarily been on the topic of "digital commensality" among adults. Equally important, of course, is to consider the same themes/issues as they pertain to other groups, such as children and older individuals. It is worth noting that at several points in the text we have come across the suggestion that the social aspects of dining are particularly important among those individuals at either end of the age spectrum. Additionally, in the future, it is obviously going to be important to consider how digital commensality operates between different generational groups. While currently in the West, an individual's familiarity with those technologies that are relevant to the theme of digital commensality likely declines with increasing age, the situation is likely to change as the pre-digital consumers inevitably die-out. However, while these issues are undoubtedly important, the most that we can do here, given the paucity of empirical data that we have been able to find, is to flag these issues up as important topics for future research. Intergenerational friction when adopting future digital commensality solutions should certainly be borne in mind by those working in this area in the future. Further broadening the challenges associated with dealing satisfactorily with the topic of digital commensality is the question of how to deal with different cultural norms (e.g., in different parts of the world). Again, adequately detailing/dealing with cultural differences lies beyond the scope of the present article. The reader should nevertheless be aware that the majority of the examples discussed here deal specifically with digital commensality in the UK/North America, and in parts of East Asia (e.g., Korea, Japan). As such, only future research will reveal whether the same conclusions can be drawn when considering the opportunities and challenges around introducing digital commensality in other parts of the world.

Future Solutions to Enhancing Digital Commensality Through Food Delivery Services {#sec11}
---------------------------------------------------------------------------------

Another potentially interesting future development to tap into is home food delivery, which is becoming ubiquitous in a number of Western urban areas (just think Google Munchery, UberEats, Deliveroo, JustEat, etc.; see [@ref168], [@ref169], [@ref170]). A growing number of companies are now providing consumers with their food, raw, part-prepared, or ready-to-eat *via* their technology (e.g., Blue Apron, see [@ref153]; HelloFresh; see [@ref129]). One obvious question here is that if a company such as UberEats, say, knows that it is sending out a meal for one, then why not offer to connect that solo diner with another solo diner?[^10^](#fn010){ref-type="fn"} Not only this would appear to be a great opportunity (and should add value for the food provider too, given that their customers are likely to enjoy their meal experience more), but this also raises a number of questions, to which there is not, as yet, an empirical answer. Put simply, what are the minimal conditions for social dining/commensality? Is social dining beneficial even if one does not know the other person/people involved? Is commensality enhanced if two people, who are remotely dining together, eat the same food? Or, given that we often order different meals even when physically dining together, perhaps the same style of cuisine is sufficient. Or does the nature of the food itself not matter?[^11^](#fn011){ref-type="fn"}

While there are a number of potential situations in which digital technology can potentially be used to facilitate eating/drinking, the one that we have been most interested in here is the use of technology to facilitate commensality (i.e., the more social aspects of the interaction). This suggestion builds on the notion that social interaction at mealtimes is likely to have both a beneficial effect on mood, emotion, and/or well-being of those who, for whatever reason, might otherwise happen to be dining solo (many with increasing regularity). Digital technology can undoubtedly be used to connect groups of individuals who happen to be separated physically, be they at home or while away (e.g., on holiday; see [@ref148]). Alternatively, however, digital technology can also be used to offer other kinds on "social" interaction, with digital avatars or robot assistants ([@ref100]). Mukbang ([@ref34]; [@ref82]; [@ref18]; [@ref128]; see also [@ref185]) offers another intriguing kind of food-related interaction with another person (albeit one who is not physically present). However, as this review has made clear, there are many important outstanding questions, with regard to the quality and type of commensal relation/interaction it may be possible to have in the future where digital commensality (e.g., with embodied conversational agents) is ever-more common (see also [@ref77]; [@ref98]).
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^1^<https://www.chefsteps.com/>

^2^Somewhat peculiarly, though, many of the promotional materials for this dining concept show an empty restaurant.

^3^<https://www.edenprojectcommunities.com/thebiglunchhomepage>

^4^<https://www.eatwith.com/>

^5^Looking to the future, coordinating any audiovisual entertainment so that it actually matches or enhances the food/drink is one direction in which technology may come to enhance, rather than distract, from our eating and drinking (see [@ref160]).

^6^Though it should be noted that Wansink's work has been brought into question in recent years (e.g., see [@ref184]; <http://www.brianwansink.com/phd-advice/statistical-heartburn-and-long-term-lessons>).

^7^While there is clear evidence of turn-taking in conversation (e.g., see [@ref58]), there is less evidence, in the case of dining, and interleaving dining with talking ([@ref105]). Note also the delays that are sometimes introduced when communicating over the Internet will likely also apply to dining. It is an open question as to how such temporal desynchronization affects the experience of sharing a meal.

^8^It is, though, worth stressing that the results of a number of other published studies have shown that whether eating in front of a mirror leads to a change in people's choices/consumption behavior depends both on the food that they happen to be consuming (e.g., whether it is perceived as healthy or not) and on whether the person (seen in the mirror) happens to is obese, overweight, and/or concerned about their weight or not (see [@ref163], for a review).

^9^And finally, while increasing the social elements at mealtimes is generally seen as a good thing, it is important to note that there is also a negative side to such interactions -- think here only of the anorexia sites (see [@ref164]; [@ref160], on this theme).

^10^Here, it is worth noting how KLM recently started offering its solo Business Class passengers, with their permission, to be seated together on their long-haul flights with other like-minded individuals (see [@ref160]).

^11^There may also be the opportunity to synchronize the entertainment with what is consumed (while not strictly commensality, this may nevertheless be a product-extrinsic digital meal enhancement opportunity; see also [@ref83]). Indeed, there have already been a number of marketing-led interventions in this direction ([@ref160]).
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